Objective -To estimate the prevalence and risk factors for road traffic accidents (RTA) in dogs and describe the management and outcome of these dogs attending primary-care veterinary practices in the United Kingdom. Design -Retrospective cross-sectional study. Setting -Primary-care veterinary practices in the United Kingdom. Animals -The study population included 199,464 dogs attending 115 primary-care clinics across the United Kingdom. Measurements and main results -Electronic patient records of dogs attending practices participating in the VetCompass Programme were assessed against selection criteria used to define RTA cases. Cases identified as RTAs were identified and manually verified to calculate prevalence. Univariable and multivariable logistic regression methods were used to evaluate associations between risk factors and RTA. The prevalence of RTA was 0.41%. Of the RTA cases, 615 (74.9%) were purebred, 322 (39.2%) were female, and 285 (54.8%) were insured. The median age at RTA was 2.5 years. After accounting for the effects of other factors, younger dogs had increased odds of an RTA event: dogs aged under 3 years showed 2.9 times the odds and dogs aged between 6-9 years showed 1.8 times the odds of an RTA event compared with dogs aged over 14 years. Males had 1.4 times the odds of an RTA event compared with females. Overall, 22.9% of cases died from a cause associated with RTA. Of dogs with information available, 34.0% underwent diagnostic imaging, 29.4% received intravenous fluid-therapy, 71.1% received pain relief, 46.0% were hospitalized, and 15.6% had surgery performed under general anesthetic. Conclusions -This study identified important demographic factors associated with RTA in dogs, notably being young and male.
Introduction
Road traffic accidents (RTA), also described as motor vehicle accidents, are one of the most common causes of blunt trauma in dogs. 1 Previous reports have identified RTA as the fourth most common cause of death in dogs under 3 years of age, with 12.7% of deaths in young dogs occurring from RTA. 2 RTA has also been reported to be the cause of 55% of head trauma cases in dogs. 3 As well as the substantial welfare impact on affected animals, canine RTA events can also impose financial and emotional strain on dog owners. 4 Despite this, the prevalence of RTA in dogs in the United Kingdom is unknown and risk factors for involvement in RTAs, such as breed and age, have not been described. Therefore, although epidemiologic information has been shown to be important for prevention, diagnosis, and management in many other disease processes, any potential in relation to RTA is unclear. By contrast, in cats, 12.2% of deaths in cats of all ages and 47.3% of deaths in cats aged under 5 years are reported as being due to trauma, 5 and 60% of these trauma-related deaths are reported to be from RTA.
A previous study examining cruciate disease proposed that younger dogs are more likely than older dogs to be involved in an RTA, 6 but this has not been investigated in a wider RTA patient population. Similarly, dogs suffering from RTA-induced cruciate disease were more likely to be male, 7 but whether this was due to inherent differences in cruciate ligament between the sexes or due to increased prevalence of males in RTAs is unknown. The authors are unaware of any other previous literature on the effect of breed or sex on canine RTA prevalence.
Several previous canine trauma studies have been performed in referral hospital settings in the United States of America, with reported survival proportions from 86% and 91.1%. 1, 8 One canine trauma study based on referral data reported an 88% survival from blunt trauma and that RTA represented 91.1% of trauma cases. 1 Two studies from the 1970s at the University of Pennsylvania showed a fatality rate following an RTA between 12 and 12.5%. 9, 10 However, it is unknown whether these survival data can be generalized to the UK dog population. On the one hand, survival may be higher in animals attending referral centers due to differences in financial factors of owners, and increased availability of equipment and resources (such as advanced diagnostic imaging modalities), products (such as blood products), and specialist personnel but, conversely, if only those cases with a more concerning presentation are referred, this could lead to a lower survival rate of RTA in referral practices. To reduce these biases and uncertainties, the current study uses clinical data from United Kingdom primary-care veterinary practices participating in the VetCompass Programme, which should give results that are more generalizable to the wider canine population.
The study aimed to report the prevalence of RTA and to evaluate purebred status, breed, sex, bodyweight, age, and insurance status as risk factors for the occurrence of RTA and to describe the clinical management and outcomes of affected dogs. It was hypothesized that younger dogs and male dogs were at increased risk of RTA compared to older dogs and female dogs, respectively.
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Materials and Methods
Ethical approval for this study was granted by the RVC Ethics and Welfare Committee (reference number 2014 0120H). The VetCompass Programme collates de-identified electronic patient record (EPR) data from primary-care veterinary practices in the United Kingdom for epidemiological research. 6, 7, 12 Participating practices can record summary diagnosis terms from an embedded standard nomenclature, the VeNom codes, 13 at episodes of clinical care. EPR data were extracted from the practice management systems (PMS) using integrated clinical queries 14 and uploaded to a secure structured query language database. Information available to the study included patient demographic (animal identification number, species, breed, date of birth, sex, neuter status, insurance status, and bodyweight) and clinical information (free-form text clinical notes, VeNom summary diagnosis terms and treatment, with relevant dates).
The study used a cross-sectional design on cohort data for risk estimation and risk factor analysis. The study-sampling frame included all dogs with at least one EPR (summary diagnosis term, clinical note, bodyweight, or treatment) recorded within the VetCompass database from September 1st, 2009 to August 31, 2014. Sample size calculations estimated that a cross-sectional study would require 16,608 males and 16,608 females to identify an effect with an odds ratio of 1.5 or greater, a confidence interval [CI] of 95%, and power 80% when the ratio of exposed-to-unexposed was 1:1 and 0.5% of the unexposed animals were estimated to have an RTA outcome. 15 The case definition for an RTA case required that the EPR recorded an occurrence of an RTA event (or synonym) in a dog presenting to the practice. Potential RTA cases were identified from the overall VetCompass database by searching the clinical free-text and VeNom Code fields using following multiple search terms: 'hit by car,' 'hit by a car,' 'RTA,' 'road traffic,' 'ran over,' 'run over,' 'knocked over,' 'knocked by,' 'motorcycle,' 'motorbike,' 'lorry,' 'truck,' 'bus,' 'vehicle collision,' 'RTC,' and 'road traffic collision.' All potential cases identified from this preliminary search were aggregated and manually evaluated against the RTA case definition. All dogs from the study dataset that were not classified as RTA cases were included in the analyses as non-RTA animals.
The full clinical notes recorded during the study period for each confirmed RTA case dog were manually reviewed to extract data on additional study questions of interest relating to the RTA events. Further data extraction covered date of diagnosis, presented dead or alive, diagnostic imaging, treatment given, hospitalization, surgery, and referral for secondary-care treatment.
Data were also extracted on whether the patient died during the study, and if so, the date of death, the method of death, and whether the death was associated with the RTA event. No dog in the study had more than one RTA event.
A binary 'purebred' variable grouped all dogs recorded as a recognizable breed 16 as 'purebred' and all other dogs as 'crossbred.' A 'breed' variable included any specific breeds with 10 or more RTA cases, any remaining breeds from the 14 most common breeds in the study overall, a grouped category of all remaining purebred dogs and a general grouping of crossbred dogs. 'Neuter' described the neuter status recorded at the final EPR. 'Insurance' described whether a dog was insured at any point during the study period. The age value described the age at the date of the RTA event for cases and the age at the midpoint between the dates of the first and final EPRs recorded during the study period for all other dogs. Age (years) was categorized into 6 groups (<3.0, 3.0-5.9, 6.0-8.9, 9.0-11.9, ࣙ12.0, not recorded). Actual bodyweight (kilograms) described the maximum bodyweight recorded during the study period for dogs older than 9 months, and was categorized into 6 groups (0.0-9.9, 10.0-19.9, 20.0-29.9, 30.0-39.9, ࣙ40.0 kg, not recorded). The mean bodyweight of dogs older than 9 months was calculated for each breed in the study. Each dog with a recorded bodyweight was then characterized as being either below or equal/above the mean bodyweight for its breed. This 'breed-relative bodyweight' variable allowed the effect of variation of body weight within breeds to be assessed. The time contributed to the study for each dog described during the period from the dates of the earliest to the latest EPR.
Study data were exported from the VetCompass database to a spreadsheet a for checking and verifying before further export to a commercial statistical program b for carrying out statistical analyses. Disorder prevalence values were estimated, with 95% confidence intervals (CI) based on approximation to the normal distribution. 17 Demographic results were reported separately for the RTA and the non-RTA dogs. Risk factor analysis evaluated all demographic risk factors using univariable logistic regression; factors with a P-value < 0.20 were further evaluated using multivariable logistic regression. Because breed was a factor of primary interest for the study, 'purebred' (collinear with breed) and absolute bodyweight (a defining characteristic of individual breeds) were excluded from multivariable modeling but univariable analysis results were reported. Model-building used manual backwards elimination. All eliminated factors were re-evaluated for confounding effects within the provisional -final model. Interactions between all final model variables were assessed to identify biologically important pairwise interactions. Clustering in the final model was evaluated using the clinic attended as a random effect. 18 Model-fit diagnostics were evaluated. 19 The threshold for statistical significance was set at P = 0.05.
Results
The overall study population comprised 199,464 dogs attending 115 primary-care clinics across central and south-eastern United Kingdom. From these, 822 RTA cases were identified, yielding a prevalence of 0.41% (95% confidence interval (CI): 0.38-0.44). The median time contributed to the study per dog from the date of the earliest to the latest EPR was 0.6 years (interquartile range [IQR]: 0.0-2.2, range: 0.0-5.0). Data completion varied between the variables assessed: breed 99.9%, sex 99.6%, neuter status 43.4%, insurance status 55.6%, age 99.9%, and bodyweight 65.3%.
Of the RTA cases with information available, 615 (74.9%) were purebred, 322 (39.2%) were female, 296 (83.4%) were neutered, and 285 (54.8%) were insured. The median bodyweight was 17.0 (IQR: 9.1-26.9, range: 2.0-70.0) kg and the median age at diagnosis was 2. Information on clinical management was available on all 715 dogs that presented alive for veterinary care. Of these, 279 (38.5%) underwent diagnostic imaging, 241 (33.7%) received intravenous fluid therapy, 584 (80.6%) received therapeutic pain relief, 378 (52.9%) were hospitalized, 128 (17.9%) had surgery performed under a general anesthesia, and 55 (7.7%) were referred for advanced clinical management (Table 2) .
Overall, 188 of 821 (22.9%) RTA cases with information available died from a cause related to the RTA event. Indeed, 106 (12.9%) dogs were dead at presentation. Of the 715 dogs presented alive following RTA, 71 (9.9%) died during the study period from a cause associated with the RTA event, with a median time to death of 0.0 days (IQR: 0.0-0.0, range: 0.0-5.0) from the date of the RTA event. Of these deaths, 48 (67.6%) were by euthanasia, 22 (31.0%) were unassisted, and 1 (1.4%) did not have the mechanism of death recorded. Of those animals that were referred, follow-up was available on survival and this was included in the main statistical analysis. Of those dogs alive at clinical presentation, insurance status was not significantly associated with the probability of death related to the RTA event (P = 0.332).
Univariable logistic regression modeling identified the following 7 variables with liberally significant (P < 0.20) association with an RTA event: purebred status, breed, actual bodyweight, breed-relative bodyweight, age category, sex, and insurance status (Table 3) . Following evaluation using multivariable regression, the final model comprised the following 4 risk factors: breed, age category, sex, and insurance status. Using a threshold for statistical significance set at P = 0.05, the univariable results did not identify that purebred status was significantly associated with an RTA outcome (P = 0.116). However, the univariable results did indicate that dogs weighing less than 30 kg had higher odds of RTA compared with dogs weighing more than 40 kg. After multivariable analysis that accounted for the effects of the other variables evaluated, no breeds showed increased odds of an RTA compared with crossbred dogs but 3 breeds showed reduced odds: Golden Retriever (OR: 0.2, 95% CI 0.1-0.7, P = 0.006), Shih-Tzu (OR: 0.5, 95% CI 0.2-0.9, P = 0.030), and West Highland White Terrier (OR: 0.4, 95% CI 0.2-0.8, P = 0.015).
Younger dogs had increased odds of an RTA event: dogs aged under 3 years showed 2.9 (95% CI 2.1-4.2, P < 0.001) times the odds and dogs aged between 6 and 9 years showed 1.8 (95% CI 1.2-2.7, P = 0.002) times the odds of an RTA event compared with dogs aged over 14 years. Males had 1.4 (95% CI 1.2-1.6, P < 0.001) times the odds of an RTA event compared with females. Neuter status was not associated with the probability of an RTA event for either females (P = 0.364) or males (P = 0.701).
Insured dogs had 1.5 (95% CI 1.2-1.8, P < 0.001) times the odds of an RTA event compared with uninsured dogs (Table 4) . Of those dogs alive at clinical presentation, insurance status was not significantly associated with the probability of referral (P = 0.053).
Discussion
This study, the first major exploration of RTA in dogs attending primary-care veterinary practices in the United Kingdom, reports a prevalence of 0.41%. It confirms that RTA is one of the major disorders in dogs, having a similar prevalence to other common disorders such as epilepsy (prevalence 0.62%), 14 cranial cruciate disease (0.56%), 20 chronic kidney disease (0.37%), 21 and diabetes mellitus (0.34%). 21 This study also identified age, sex, and insurance status as significant risk factors for RTA. Although no breed was found to be predisposed to RTA, the study revealed that the Golden Retriever, West Highland White Terrier, and Shih-Tzu were at lower risk of RTA when compared with crossbreds. Breed predisposition has been reported for many disease processes 22, 23 and genetic influences are often hypothesized. The current finding could suggest increased owner compliance within these breeds, with the dogs possibly being more responsive to owner control. In support of this theory, Golden Retrievers are reported to be underrepresented for behavioral problems, 24 and it is acknowledged that compliant dogs are easier to recall from traffic. 25 Alternatively, low risk breeds may even be more problematic to train and owners may elect to keep them leashed in public. A third possibility is that the protected breeds may be more likely to be owned by people who simply take fewer risks and therefore keep them restrained. The low-risk breeds in the current study are not among those breeds with a strong tendency to chase, 26 so they may be easier to manage in public.
The breeds with the highest inbreed prevalence of RTA were Beagle (0.67%), Staffordshire Bull Terrier (0.56%), and Greyhounds (0.52%). The breed predispositions reported here could simply reflect the use of leashes. Leash use is likely to reflect a breed's inclination to depart from the owner (because of distracting or enticing stimuli), tendency to remain with the owner (because of attachment or trainability) or relative lack of excitability. 25 Furthermore, some breeds (notably the Sighthounds) are predisposed to chase and may therefore be more likely to be restrained in public while others (such as the Retrievers) are more trainable and thus may be easier to recall. 26 In support of the study hypothesis, the current study identified younger age as a risk factor for RTA, with dogs aged less than 3 years having 2.9 times the odds of an RTA event compared with dogs aged more than 14 years. This is consistent with data from previous studies in both dogs and cats. 2, 5, 9, 10 Older dogs may be less vulnerable to RTA because they are less active, have accumulated more training, or perhaps have concurrent medical conditions resulting in reduced athleticism. Also, younger dogs have been reported to show increased straying tendencies and activity levels. 27 The mean age for presentation to a behaviorist for any cause has been reported as 3.7 years. 24 These figures suggest that age as a risk factor for RTA may be due, at least in part, to behavioral problems. Though the current data did not capture what the animal was doing at the time of RTA, it would be useful if future studies could address this, as concurrent behavior may be a significant risk factor to RTA. The predisposition of younger dogs to RTA events suggests the value of better road safety training and education for both owners and dogs during the early lives of dogs.
As hypothesized, this study also identified that males had 1.4 times the odds of an RTA event compared with females. Compared to 60.8% of males affected in the current study, a 2009 American referral study of 239 dogs involved in RTAs found that 53% were male but did not assess this figure for statistical significance. 8 The 2009 study did not compare the RTA dogs to the general hospital population which, in this study, was found to be 52.1% male. Clearly, the populations studied differ in terms of country (USA compared with UK in the current study) and case numbers (239 dogs compared with 822 in the current study). Possible explanations for male predisposition to RTA are unclear. Male dogs have been reported to be predisposed to behavioral problems, 24 which may reflect poor training and recall, and this may lead to increased RTA risk. 28 In addition, it has also been reported that male dogs have a greater tendency to stray. 27 However, the results of the current study showed that neutering did not increase the probability of an RTA, suggesting limited hormonal influences on RTA risk.
The current study revealed that insured animals had 1.5 times the odds of RTA compared with uninsured animals. It is possible that insured animals are more likely to be presented for veterinary care following an RTA event because of inherent differences between the owners of insured and uninsured dogs or because the owners of insured dogs perceive fewer financial constraints when considering veterinary treatment. 29 However, the study design considered any dog as having 'insurance status' if it had veterinary insurance at any point during the study period. So, it is also possible that some RTA cases became insured following their RTA event because owners were aware of the future risk of RTA to their animal and the potential financial implications of this, or any other disease process requiring veterinary treatment.
Of the dogs that presented alive, analgesia was not administered to 18.3% of RTA dogs in this study. This may be due to minimal trauma in these dogs. However, concerns that adequate analgesia is not provided for dogs by veterinarians have been raised in previous studies, 30, 31 and it is also well accepted that recognition of pain in dogs can be difficult. 32 This has led to the development of pain scoring systems, such as the short form Glasgow composite measure pain scale. 32 Increased utilization of these systems may be beneficial to improve case management in canine RTA, although it is recognized that there can be significant variation between assessors. 33 In addition, when analgesia was provided, non-steroidal anti-inflammatory drug (NSAID) administration was common. Cardiovascular instability due to blood loss can be seen in trauma patients, and this may not be readily apparent initially. Therefore, NSAID use may be best avoided in these patients on presentation. It is unknown in the study at what point these drugs were admitted, but given the high percentage of patients that were not hospitalized, it is likely that many dogs were given NSAIDs very soon following presentation.
Diagnostic imaging was utilized in 38.5% of RTA cases that presented alive in this study, with radiography being the predominant modality. In human medicine, ultrasonography is the method of choice for abdominal blunt trauma but, despite its usefulness being shown for RTA-affected dogs, 34 it was used to assess only 8.6% of cases in the current study. This low level of use may reflect lack of access to ultrasonography machines or limited confidence by clinicians in the interpretation of their output. The focused assessment with sonography for trauma method for canine trauma patients has been described and is claimed to be highly sensitive and specific for the detection of peritoneal, pleural, and pericardial fluid, as well as pneumothorax by veterinarians with little ultrasonographic experience. 35 This noninvasive test may aid clinical decision making in the early stages of the case-management process.
Human trauma survival rates vary depending on the trauma type, but a bimodal pattern of survival has been reported showing 2 peaks in mortality; the first is field-based immediately following the trauma event with a second hospital-based peak soon after admission. 36 In the current study, 22.9% of the overall RTA cases died due to their RTA event, ie, the overall survival rate was 77.1%. However, for dogs presented alive to the veterinary practice, the survival rate was 90.1%. Those dogs that died after presentation generally died very quickly, whether due to euthanasia or unassisted death, with the median time to death of 0 days being consistent with findings in human trauma patients. 36 Similar survival rates after trauma have been reported in other studies from veterinary referral hospitals. 8, 11 As with all retrospective analyses, there were some limitations to this study. Data were lacking in some areas due to incomplete records but the high number of cases in the study allowed strong statistical findings to be identified. Inclusion in this study relied on an RTA being witnessed or strongly suspected, which meant that some cases may have been unrecognized or conversely may have been falsely recorded as RTA. In addition, some minor RTA events that the owner deemed were unworthy of veterinary attention or some fatal RTA events may not have been reported to their veterinary practice and therefore not recorded on the veterinary practice management systems.
When considering the survival rate of dogs involved in RTAs, it is important to note that two-thirds of the dogs that initially presented alive but later died were euthanized and that the decision-making process for these assisted deaths was not evaluated in the current study. Although poor prognosis was likely a major factor in these decisions, it is also likely that other considerations such as ethical, financial, and welfare factors, and the concept of animal suffering, would also contribute to the final decision.
Another limitation of the study was the anonymous nature of data collection such that postcodes were not available. This information would be useful when looking at demographics such as urban and rural populations and how this affects odds of an RTA event.
This study is the first to report the prevalence of canine RTA in primary-care veterinary practices in the United Kingdom and revealed RTA to be a relatively common presentation. Younger animals and male dogs were predisposed to RTA and certain breeds were protected from an RTA event. Diagnostic imaging, and particularly ultrasonography, may be under-utilized in this population and administration of analgesia was lower than expected. These findings can be used by clinicians to benchmark case management and possibly to inform better preventive and clinical management strategies.
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